Gulf War illness (GWI) is a chronic disease of unknown etiology characterized by persistent symptoms such as cognitive impairment, unexplained fatigue, pervasive pain, headaches, and gastrointestinal abnormalities. Current reports suggest that as many as 200,000 veterans who served in the 1990-1991 Persian Gulf War were afflicted. Several potential triggers of GWI have been proposed including chemical exposure, toxins, vaccines, and unknown infectious agents. However, a definitive cause of GWI has not been identified and a specific biological marker that can consistently delineate the disease has not been defined. Myalgic encephalomyelitis (ME) is a disease with similar and overlapping symptomology, and subjects diagnosed with GWI typically fit the diagnostic criteria for ME. For these reasons, GWI is often considered a subgroup of ME. To explore this possibility and identify immune parameters that may help to understand GWI pathophysiology, we measured 77 serum cytokines in subjects with GWI and compared these data to that of subjects with ME as well as healthy controls. Our analysis identified a group of cytokines that identified ME and GWI cases with sensitivities of 92.5% and 64.9%, respectively. The five most significant cytokines in decreasing order of importance were IL-7, IL-4, TNF-α, IL-13, and IL-17F. When delineating GWI and ME cases from healthy controls, the observed Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.
Introduction
Gulf War illness (GWI) and myalgic encephalomyelitis (ME) are complex diseases of unknown etiology. They are often characterized by a constellation of unexplained and overlapping symptoms, which include widespread inflammation, fatigue, multisystemic neuropathology, joint and muscle pain and gastrointestinal pathology [1] [2] [3] . Although the two diseases are similar with overlapping symptoms, GWI is a specific term given to returning military veterans and civilian workers of the Persian Gulf War that took place from August 2, 1990 to February 28, 1991 . ME is frequently associated with acute flu-like onset as well as noninfectious environmental triggers [4] ; whereas, multiple factors including environmental exposure, toxins, vaccines, and unknown infectious agents have been evaluated as potential triggers for GWI [5, 6] . Indeed, GWI and ME have many clinical symptoms in common including long-term and severe fatigue that is not relieved by rest, gastrointestinal disorders, and neurological impairments [2] . Accordingly, it has been suggested that GWI cases meet the diagnostic criteria for ME and, therefore, represent discrete subsets of ME. Currently, there is no pathognomonic marker for either disease as well as no clinical diagnostic test available; for these reasons, diagnosis is mainly based on clinical observation, epidemiological evaluation, and medical anamnesis.
Immunological impairments in subjects with ME have been extensively documented. For example, several researchers have reported abnormalities in natural killer (NK) cell numbers and function [7, 8] as well as abnormalities in serum and plasma cytokine and chemokine levels [9] [10] [11] [12] . Natelson et al. observed that levels of granulocyte-macrophage colonystimulating factor (GM-CSF) in the cerebral spinal fluid of ME cases were lower than in controls and that levels of CXCL8 were elevated in cases with sudden, influenza-like onset when compared to cases with gradual onset or healthy controls [13] . In a study by Zhang and colleagues, two groups of cases who met the case definition for ME were compared to each other; Gulf War veterans who developed their malady after they had returned home from the Gulf and a group of nonveterans who developed the illness sporadically [14] . They reported that Gulf War veterans with ME had a statistically significant increase in total T cells and a lower percentage of NK cells when compared to respective controls. In addition, veterans with ME had higher levels of interleukin (IL)-2, IL-10, interferon (IFN)-γ, and tumor necrosis factor (TNF)-α over that of controls. However, they observed no difference in civilian veterans with ME when compared to controls across a number of immune parameters.
Unquestionably, serum or plasma inflammatory cytokine and chemokine levels are some of the most commonly reported differences between subjects with ME and healthy controls. For example, Maes et al. reported that subjects with ME have significantly higher levels of serum IL-1 and TNF-α when compared to controls [15, 16] . Also, Fletcher and coworkers observed increased levels of serum regulatory and proinflammatory cytokines such as lymphotoxin-α, IL-1α, IL-1β, IL-4, IL-5, IL-6, and IL-12 in ME cases when compared to controls [17] . Other studies have investigated cytokine profiles of subjects with GWI and ME [18] . A Th2 shift is commonly reported for subgroups of ME cases [11, 19] , suggesting that those with ME may be hyper-responsive to allergens, toxins, extracellular bacteria, and parasites and hypo-responsive to viruses and intracellular bacteria. Smylie et al. reported a decreased Th2 polarity in females with ME as compared to GWI and suggested that an IL-23/Th17/IL-17 axis could be used to delineate GWI and ME [18] . Skowera and colleagues reported that, in contrast to asymptomatic Gulf War veterans, symptomatic veterans with "multisymptom illness" displayed an ongoing Th1-type immune activation with significantly elevated levels of IFN-γ and IL-2, in the absence of in vitro stimulation [20] . These studies suggest that although similar in clinical manifestations, GWI and ME potentially present discrete cytokine profiles, which may reflect differences in disease pathogenesis.
Cytokines orchestrate numerous immune functions including activating and prolonging leukocyte proliferation, directing migration, and influencing and shaping leukocyte functional activity. Abnormal leukocyte counts in subjects with GWI and ME may, in fact, be a consequence of dysregulated cytokine control. Subsequently, abnormal leukocyte counts may lead to a disturbed immune response, often manifesting with broad clinical presentations. It may also be suggested that cytokine profiles, which are reflective of the profound immune disturbances in subjects with GWI and ME, might potentially serve as useful biomarkers. A greater understanding regarding cytokine dysregulation in GWI and ME may also help to better understand the pathogenesis of these diseases, thus improving diagnosis, treatment efficacy, and prophylactic measures.
In the present study, we have conducted a comprehensive survey of 77 different cytokines and chemokines in an effort to better understand the immune responses associated with GWI and ME. Our results suggest that Th1 and Th17 cytokines underscore GWI cases, while Th1 and Th2 cytokines as well as a more diverse group of inflammatory cytokines and mononuclear chemoattractant cytokines characterize ME. Additionally, in order to identify the most important cytokines that distinguish these groups and potentially identify underlying pathology, we utilized the machine logic nearest neighbor predictor algorithm Random Forest to analyze these data. The five most significant cytokines identified by our model in decreasing order of importance were IL-7, IL-4, TNF-α, IL-13, and IL-17F. Although our Random Forest analysis produced a cytokine signature that identified ME cases with 92.5% sensitivity, only 64.9% sensitivity was achieved when delineating GWI cases. Further more, specificity was only 33.3%, suggesting that with respect to cytokine expression, GWI cases resemble control subjects to a greater extent than ME cases across a number of parameters. These results imply that serum cytokines are representative of ME pathology to a greater extent than GWI and further suggest that the two diseases have distinct immune profiles despite their overlapping symptomology.
Materials and methods

Study subjects
A total of 146 subjects were enrolled in these studies; 67 cases with a confirmed diagnosis of ME, 37 identified as having GWI, and 42 healthy controls. Informed consent was obtained from each participant according to human subjects protocols approved by the University of Nevada Biomedical Institutional Review Board (protocols B12-031 and B12-036). The cases identified as having ME were physician diagnosed and met the Carruthers et al. criteria for ME as well as the 1994 Fukuda et al. criteria [1, 21, 22] . ME subjects were recruited from across the United States and from individuals who sought treatment for ME at the Himmunitas ME/CFS clinic in Brussels Belgium. GWI subjects were recruited by the VA Sierra Nevada Health Care System Medical Center in Reno, Nevada, and were physician diagnosed satisfying the inclusion criteria of having been on active duty in the military during the Persian Gulf War (Operation Desert Storm: 1990-1991) and symptoms consistent with GWI as defined by the Centers for Disease Control and Prevention (CDC) and Kansas criteria for GWI [23, 24] . Cases were generally representative of the respective populations for each disease based on gender and age.
Serum samples
Our initial evaluation regarding the method of blood collection indicated that most anticoagulants we tested activated cytokine expression to some level over a 24-h time period (data not shown). The activation was the most pronounced with blood collected on heparin. Given that lymphocytes from ME subjects respond to a greater extent upon stimulation than controls (unpublished observation), this problem would not be normalized even when cases and controls are handled in an identical manner. Additionally, our study required some blood to be shipped overnight; therefore, we chose to conduct our analysis on serum rather than plasma. Whole blood was collected using serum-separator tubes, centrifuged immediately to isolate the serum, and aliquots were made at approximately 24 h post draw and stored at −80 °C until analyzed.
Cytokine analysis
Serum cytokine levels were analyzed on a Luminex 200 analyzer (Austin, TX) with BioPlex (Bio-Rad, Hercules, CA) multiplex magnetic bead-based antibody detection kits according to the manufacturer's instructions. Bio-Plex Pro Human Chemokine panels (40-Plex), Bio-Plex Pro Human Th17 Cytokine panels, Bio-Plex Pro Human Cytokine 27-plex panels, and Bio-Plex Human Cytokine 21-plex panels were used to cover a total of 77 cytokines and chemokines (herein referred to as "cytokines"). For each subject, 50 μl of serum was analyzed and a minimum of 50 beads per cytokine was acquired. Data collected was analyzed using MasterPlex CT control software and MasterPlex QT analysis software (MiraiBio division of Hitachi Software, San Francisco, CA). Standard curves for each cytokine were generated using standards provided by the manufacturer and some samples were analyzed on multiple runs for quality control purposes and to normalize the collective runs.
Statistical analysis
In order to determine differences in cytokine values and distributions between GWI, ME, and control subjects, we initially performed Kolmogorov-Smirnov tests for normality, which revealed that the data were not normally distributed (data not shown). We therefore used the non-parametric Kruskal-Wallis (K.W.) one-way analysis of variance by ranks to confirm that the three populations did not originate from the same distribution. We then performed a Mann-Whittney (M.W.) analysis to identify differences in medians between GWI and ME cases as well as between GWI cases and controls and ME cases and controls. We additionally conducted Pearson correlation analysis, comparing cytokines to each other within each respective subject population. Finally, we performed classification analysis using the tree-based ensemble machine learning algorithm Random Forest [25] . For this analysis, 500 random trees were built using six predictors for each node, and auto-bootstrap out-of-bag sampling was used for testing the model.
Results
Differential expression of serum cytokines
In these studies, a total of 104 cases (67 ME and 37 GWI) and 42 controls were analyzed for 77 serum cytokines. Subjects classified as having ME were physician diagnosed and fulfilled the criteria described by Carruthers et al. [1, 21] as well as the Fukuda criteria [22] . GWI subjects were physician diagnosed at the VA Sierra Nevada Health Care System Medical Center in Reno, Nevada, and met the inclusion criteria as having been on active duty in the military during the Persian Gulf War (Desert Storm: 1990-1991) and symptoms consistent with GWI as defined by the Centers for Disease Control and Prevention (CDC) and Kansas criteria for GWI. [23, 24] . Subjects' ages ranged from 23 to 81 years (mean age = 58.9 years). For ME cases, the ratio of females to males was approximately 2 to 1 (64% and 36%, respectively); for GWI cases the ratio of males to females was approximately 2 to 1 (64% and 36%, respectively). Controls were of approximately equal proportions (57% male and 43% female).
The K.W. test was initially utilized to compare the individual cytokines concurrently for GWI and ME cases as well as healthy controls. Of the 77 cytokines analyzed, 48 (63%) differed for at least one of the three groups (p ≤ 0.05), suggesting that the respective cytokine values did not originate from the same distribution (Supplemental data Table 1 ). We next utilized the M.W. test to compare the two groups of cases with each other and each group of cases with the control group (Supplemental data Table 1 ). When GWI and ME subjects were compared, 48 cytokines were observed to be significantly different (p ≤ 0.05). Additionally, when ME cases were compared to healthy controls, 42 cytokines were observed to be differentially expressed, 17 of which were upregulated and 26 were downregulated (Supplemental data Table 2 ). This is in contrast to only 14 cytokines that differed between GWI cases and controls, 7 of which were upregulated and 7 were downregulated ( Table 1. ). These observations suggest that, with respect to cytokines, GWI cases resemble healthy controls to a greater extent than they resemble ME cases.
Th1, Th2, and Th17 cytokine expression
Previous studies have reported that Th1, Th2, and Th17 cytokines, or combinations there of, characterize GWI and ME. To explore this possibility, we organized these cytokines into three groups (Table 2 ). For subjects with ME, the Th1 cytokines IFN-γ, IL-2, and IL-12(p75) were upregulated, while the Th2 cytokine IL-5 and IL-9 were downregulated. Paradoxically, the classical Th2 cytokines IL-4, IL-6, IL-10, IL-13 were also upregulated in subjects with ME. For subjects with GWI, the Th1 cytokine IFN-γ was upregulated; however, CXCL8 was slightly downregulated. Additionally, the Th2 cytokines IL-4, IL-13 and IL-25 were all significantly downregulated. For the Th17 cytokines, we observed IL-17F to be significantly downregulated in ME cases, while IL17A and IL17F were both significantly upregulated in GWI cases. Of the 48 cytokines that were differentially expressed in ME, 12 (25%) represented Th1, Th2, or Th17 cytokines. In contrast, of the 14 differentially expressed cytokines observed in GWI subjects (Table 2 ), 9 (64%) represented Th1, Th2, or Th17 cytokines.
Cytokine correlation analysis
In addition to T cells, other cells make many of the cytokines typically associated with a Th1, Th2 or Th17 shifts. For instance, the endogenous pyrogen TNF-α is primarily made by activated macrophages, but is also made by most nucleated cells including lymphocytes, fibroblasts and neurons [26, 27] . Likewise, IL-6 is produced by activated macrophages as well as T cells and can act in a proinflammatory or antiinflammatory capacity [28] . Therefore, we conducted correlation analysis, in order to provide additional clues as to which cells produce these cytokines in our study groups. Our results suggest the Th1 cytokines strongly correlate in the ME population but substantially less so for the Th2 cytokines (Table 3. ). Additionally, a complete absence of correlation was observed for the Th17 cytokines in the ME group. In contrast to the ME group, only IL-2 and IL-12(p75) showed any significant correlation in GWI. Again, with respect to the GWI group, the Th1 cytokines showed a much weaker correlation and strikingly, TNF-α was negatively correlated with IFN-γ and IL-2, which is in contrast to the ME and control groups (Table 3. ). Also, the Th17 cytokines showed a moderately positive correlation in the GWI population. Interestingly, the correlation between IL-17A and IL-21 showed a positive correlation in contrast to that of the control population, which showed a negative correlation.
In addition to the Th1, Th2 and Th17 cytokines, we conducted correlation analysis on the remaining analytes and observed almost perfect correlation (R 2 ≥0.90) between a number of cytokines in the ME group (26 cytokines) but fewer in the GWI group (14 cytokines) (Supplemental data Table 3 ). Of particular interest, we observed almost perfect correlation between IL-7/IL-13, IL-7/FGF, and IL-7/TNF-α and between IL-3/IFN-α in the ME group. We also observed near perfect correlation between IL-1α/IL-3, IL-1α/IL-12(p40), IL-1α/ IL-2 and IL-1α/IL-22 and between IL-1/IL-7 and IL-1/IL-13 in the GWI group.
Classification of cytokines by importance
Both GWI and ME are diseases with undefined etiology and both are often characterized by aberrant cytokine expression; however, the patterns of cytokine expression appear to be more complex than can be described by a standard Th1, Th2 or Th1 7 shift. With this in mind, we utilized the machine logic algorithm Random Forest (RF) to analyze our data set and potentially identify the most important cytokines that define these diseases. For this analysis, 500 random decision trees were built using six predictors for each node, and auto bootstrap out-of-bag sampling was employed to text the model. The 20 most significant cytokines for delineation of each group of subject in order of decreasing importance were IL-7, IL-4, TNF-α, IL-13, IL-17F, IL-1, IL-5, IL-25, CXCL8, VEGF, CCL11, IL12(p75), IL-9, CFS3, IFN-γ, CCL4, IL-6, CCL2, CXCL1, and CXCL10 (Figure 1.) . Using only serum cytokines, we were able to achieve sensitivity of 92.5% for delineating ME; however, only 64.9% sensitivity was achieved when delineating GWI with 33.3% overall specificity (Table 4 ). These data indicate that using serum cytokines alone may not yield an effective diagnostic tool; however, it may provide important clues regarding the underlying pathology of the disease.
Discussion
Previous studies of GWI and ME often report that study subjects are characterized by abnormal numerical and functional leukocyte parameters. For example, when compared to healthy controls, NK cell enumeration and functionality have been reported to be abnormal in both diseases [7, 29] . Additionally, atypical cytokine expression profiles are often reported in association with GWI and ME, although the results are often contradictory. For example, a distinct immune profile of attenuated Th1/Th17 and elevated Th2 responses was reported by Broderick et al., in subjects with ME [9] . However, in another study, Moss et al. observed upregulation of proinflammatory cytokines in the serum of ME cases, suggestive of a Th17 shift [30] . Likewise, cytokine profiling in GWI has been fraught by contradictory results, where predominant Th1 or Th2 immune responses have been reported [14, 20, 31] . Consequently, although differences in serum or plasma cytokines are well documented between cases and controls in both diseases, there is no consensus on a dominant cytokine expression profile for either disease. These conflicting findings may be a result of the heterogeneous nature of these diseases or perhaps a result of different methods of analysis or blood collection procedures. It is also likely that, at any given time, cytokine expression of an individual may change over time, complicating their use as a diagnostic marker.
In this report, we have presented a comprehensive analysis of 77 different cytokines, which to our knowledge represents the largest investigation of serum cytokines in GWI and ME subjects to date. Subjects' blood was collected using serum separator tubes and centrifuged immediately in order to isolate serum cytokines without the use of anticoagulants. By using this method, we have eliminated the possibility that the observed results were subject to leukocyte activation associated with anti coagulants such as heparin or assay interference associated chelating agents like ethylenediaminetetraacetic acid (EDTA).
In this study, we observed differences between cases and controls for 48 of the 77 cytokines investigated, using a confidence interval of 95%. Of the cytokines analyzed, 42 (54.5%) were found to be significantly different between ME cases and healthy controls. In contrast, only 14 cytokines (17.7%) were found to be significantly different between GWI cases and controls. Additionally, when comparing GWI and ME cases, 48 of 77 cytokines were differentially expressed. These data suggest that subjects with GWI and ME are unlikely to represent the same population.
Previous studies have suggested that subjects with GWI and ME may be characterized through the expression of either Th1 or Th2 cytokines. Upon activation, proliferating helper T cells may develop into effector T cells that are often classified as either Th1 or Th2 cells. Th1 immunity is directed against intra cellular pathogens such as viruses and mycobacteria, whereas Th2 immunity is typically in response to extracellular pathogens such as fungi and helminths. For these reasons, the cytokines produced by these cells are also referred to as Th1-or Th2-type cytokines. The cytokine expression observed in this study with respect to ME cases, was largely inconsistent with a clear Th1-or Th2-type immune response. For instance, we observed an upregulation of IFN-γ (p≤0.001) and IL-12(p75)(p≤0.001) in the absence of an increase in IL-12(p40). These data are consistent with a classic Th1 response [32] . On the other hand, we also observed an upregulation of the IL-10 and IL-4, and when compared to healthy controls (p≤0.0001), suggestive of a Th2 response. These observations, in conjunction with our correlation analysis, suggest that the Th1 and Th2 cytokines observed in subjects with ME may originate from other immune cells in addition to T cells.
Our data more strongly supports a Th1/Th17 immune polarization in subjects with GWI. Serum cytokine analysis of these subjects showed an upregulation of the Th1 cytokine IFN-γ (p≤0.003) and the Th17 cytokines IL-17A (p≤0.032) and IL-17F (p≤0.001) and a concomitant downregulation of the Th2 cytokines IL-4 (p≤0.014) and IL-13 (p≤0.001) when compared to healthy controls. Exposures to such things as toxins, vaccines and unknown infectious agents have been suggested as potential triggers for GWI [5, 6] . Several such triggers have been associated with a Th1/Th17 cytokine shift. For instance, Robbe et al. reported that the occupational exposure to agricultural dust was associated with upregulation of IL-17 and IFN-γ [33] , and Harris and coworkers reported that human DCs upregulate IL-17 and IFN-γ in response to the bacteria B. anthracis [34] . Additionally, the cationic liposome adjuvant system CAF01, which is commonly used in such vaccines as the trivalent influenza vaccine, is reported to promote a strong and sustained Th1 and Th17 response [35] . Although we cannot say that any of these triggers contribute to GWI, the observed Th1/ Th17 shift would be consistent with such triggers.
Little is known regarding the pathophysiology of GWI and ME; nevertheless, the source or class of cytokines produced in subjects with these diseases may provide important clues. Indeed, cytokine profiling has provided valuable knowledge regarding the pathogenesis of other diseases. For example, De Furia et al. used cytokine profiling to identify the source of inflammatory cytokines associated with type 2 diabetes [36] , and Swindle and coworkers utilized cytokine expression data to dissect the psoriatic transcriptome and identified the respective cellular contributions associated with this disease [37] . Additionally, Valeyev and colleagues showed that using a systems model approach; cytokine expression data could be used to provide a quantitative description of immune cell interactionsin subjects with psoriasis [38] . In order to identify potential cytokines that may provide information regarding the pathogenesis of GWI and ME, we implemented the machine logic algorithm Random Forest (RF) to analyze our data set. The RF algorithm uses an ensemble of unpruned classification or regression trees produced through bootstrap sampling of the training data set and random feature selection in tree generation. Prediction was made by a majority vote of the predictions of the ensemble. The strength of the analysis was evaluated by an out-ofbag sampling without replacement of the original data. The RF is an attractive method since it handles both discrete and continuous data, it accommodates and compensates for missing data, and it is invariant to monotonic transformations of the input variables. The RF algorithm is uniquely suited for cytokine analysis in that it can handle highly skewed values well and weighs the contribution of each cytokine according to its relatedness with others. Using cytokine expression as input variables and subject status (i.e., GWI case, ME case, and control) as the outcome variable, we identified a group of cytokines that associated with disease status and, therefore, may contribute to the pathogenesis of the disease.
The five most significant cytokines identified by our model in decreasing order of importance were IL-7, IL-4, TNF-α, IL-13, and IL-17F. These cytokines were also identified by significant correlations in our analysis. IL-7 is a hematopoietic growth factor and is important for development, maturation and homeostasis of B, T, and NK cells. Stromal cells of the bone marrow and thymus are the primary source of IL-7; however, is it is also produced to a lesser extent by DCs, hepatocytes, and neurons, but not by lymphocytes [39] . Our data suggest that IL-7 is over-expressed in ME (p≤0.001) and underexpressed in GWI (p≤0.01) when compared to healthy controls. Previous studies suggest that the administration of exogenous of IL-7 in humans leads to the expansion of CD4+ and CD8+ T cells with a concomitant decrease of CD4 + Tregs [40] . Other studies have shown that IL-7-treated animals have reduced numbers of T cells expressing the inhibitory molecules suppressor of cytokine signaling 3 (SOCS3) and programmed cell death protein 1 (PD-1) [41] . Several studies suggest that ME is an inflammatory disease, and multiple reports of individuals with ME expressing auto antibodies [42, 43] and the efficacious treatment of ME cases with the B-cell-depleting drug rituximab [44, 45] , suggest that some components of ME pathology may also overlap with those of autoimmunity. Aberrant expression of IL-7 and its receptor has been associated with several autoimmune diseases including inflammatory bowel disease, multiple sclerosis, rheumatoid arthritis, and Sjögren's syndrome (Reviewed in [46] ). The upregulation of IL-7 may help explain some of the clinical observations associated with ME such as the inflammatory component or the presentation of autoimmune-like symptoms. In that IL-7 is primarily produced in the bone marrow, but not by lymphocytes, transcriptional studies of bone marrow would be prudent; however, given the difficulty in collecting bone marrow biopsies, deciphering its involvement in these diseases may prove difficult. It is also likely that transcriptional profiling studies that only utilize whole blood will fail to identify an important component to the pathophysiology of these diseases.
Our analysis identified IL-4 and TNF-α as the second and third most important cytokines when delineating ME, GWI, and controls. Both IL-4 and TNF-α were over-expressed in ME (p≤0.0001) and under-expressed in GWI (p≤0.04 and p≤0.0001). IL-4 is a classic Th2 cytokine and promotes the differentiation of naïve helper T cells into Th2 cells. Once differentiated, the Th2 cells can produce additional IL-4 in a positive feedback control loop [47] . The chronic nature of these diseases suggests that Th2 cells are a likely source of serum IL-4; however, our correlation analysis suggests that they may not be the only source.
During an inflammatory response, IL-4 production is often accompanied with IL-10 production, which is also upregulated in our ME subjects; however, no statistical difference was observed for IL-10 in GWI subjects. Interestingly, IL-13 was the next most important cytokine in our model. Expression of IL-13 was slightly downregulated in GWI and upregulated in ME. Our analysis showed that IL-13 and TNF-α expression was almost perfectly correlated (R 2 = 0.918). IL-13 is an anti inflammatory cytokine and its upregulation may be a response to counter the inflammatory effects of TNF-α. Lastly, our model identified IL-17F as the fifth most important cytokine in differentiating GWI cases, ME cases, and healthy controls. We observed IL-17F to be significantly downregulated in ME cases (p≤0.0001) and upregulated in GWI cases (p≤0.001). By increasing the production of inflammatory chemokines, IL-17 is a potent mediator of delayed-type responses and its expression promotes the recruitment of monocytes and neutrophils to the site of inflammation. IL-17F, in particular, is associated with respiratory pathology such as asthma [50] .
Our analysis using RF suggests that any combination of the 77 cytokines analyzed in our study may not provide a stand-alone differential diagnosis of GWI and ME. Although the cytokine signature delineated ME cases with 92.5% efficiency, only 64.9% sensitivity was achieved when delineating GWI cases. Furthermore, specificity was 33.3% using cytokines only. Our ongoing research suggests that, by using a combination of cytokines and clinical parameters, we can far exceed the sensitivity and specificity of these results (data not shown). This observation further suggests that cytokines are useful when stratifying subjects into discrete subgroups. It also suggests that the "catch all" terms of GWI and ME may be overly broad. In light of the heterogeneous nature of these diseases, stratification into subgroups may be mandatory in order to make meaningful progress in understanding the pathophysiology of these diseases.
In conclusion, this study supports an involvement for Th1/Th17 cytokines in GWI and further identifies the cytokines IL-7, IL-4, TNF-α, IL-13, and IL-17F as potentially contributing to the pathogenesis of GWI and ME. This knowledge may provide direction in the development of therapeutic treatments for these diseases.
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Figure 1.
Classification analysis of cytokine data using Random Forest. In order to identify which cytokines most accurately predict disease status of subjects with GWI, ME or controls, Random Forest analysis was implemented whereby 500 random trees were built and six predictors were used at each node. Auto-bootstrap out-of-bag sampling was used for testing the model. Table 1 Cytokines upregulated and downregulated in subjects with Gulf War illness (GWI) when compared to healthy controls Th1, Th2, and Th17 cytokines expression in subjects with GWI and ME Correlation of cytokines in ME, GWI and controls (values given as R-squared) Table 4 Random Forest model statistics 68.49%
